The QCD quark cyclobutadiene (ring-like), a new color structure of tetraquark system, is proposed and studied in the flux-tube model with a multi-body confinement interaction. Numerical calculations show that the light tetraquark systems (u, d, s only) with cyclobutadiene, diquark-antidiquark flux-tube structures have similar energies and they can be regarded as QCD isomeric compounds. The energies of some tetraquark states are close to the masses of some excited mesons and so in the study of these mesons, the tetraquark components should be taken into account. There are also some meson states, σ, κ(800), f0(980), f0(1500), π1(1400), π1(1600), f2(1430) and K * (1410), where tetraquark components might be dominant. The meson states with exotic quantum numbers are studied as the tetraquark states. The multi-body confinement interaction reduces the energy of the tetraquark state in comparison with the usual additive two body confinement interaction model.
I. INTRODUCTION
In the constituent quark model (CQM), mesons are assumed to be composed of qq. Although various properties of light mesons have been explained within thisminimum Fock space, there are still properties of some meson states can not be described well by this quark model [1] [2] [3] . In fact, mesons might be more complicated objects with higher Fock components other than the lowest qq. The wavefunction of zero baryon number (B=0) hadron, if the gluon degree of freedom is neglected, should be in general as
where n = 1, 2, 3, · · ·. The recent studies on meson spectroscopy called for unquench the quark model, i.e., theand q 2q2 mixing [3] [4] [5] [6] . Furthermore the introduction of tetraquark states q 2q2 is indispensable for the states with exotic quantum numbers [7] [8] [9] [10] [11] . In recent years, comprehensive researches on tetraquark states have been carried out by many authors [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , because Belle, BaBar and other experimental collaborations have observed many open and hidden charmed hadrons, which are difficult to be fitted into the conventional meson cc spectra [22] . The states with quantum numbers J P C = 0 −− , even +− and odd −+ had been theoretically studied as tetraquark states [23] [24] [25] . Experimental evidences of the exotic states with quantum numbers J P C = 1 −+ were accumulated [7] [8] [9] [10] [11] . The investigations of multiquark states with flux-tube structures will provide important low energy quantum chromodynamics (QCD) information, such asandinteractions [26] , which is absent in ordinary hadrons due to their unique flux-tube structure. * Email address: jlping@njnu.edu.cn (J.L. Ping) QCD is widely accepted as the fundamental theory of the strong interaction, in which color confinement is a long-distance behavior whose understanding continues to be a challenge for theoretical physics. Lattice QCD (LQCD) allows us to investigate the confinement phenomenon in a nonperturbative framework and its calculations on mesons, baryons, tetraquark and pentaquark states reveal flux-tube or string like structure [27] [28] [29] [30] . Such flux-tube like structures lead to a "phenomenological" understanding of color confinement and naturally to a linear confinement potential inand q 3 quark systems.
It is well known that nuclear force and molecule force are very similar except for the length and energy scale difference [31, 32] . For multi-body systems, the flux-tubes in a multi-quark system should be also very similar to the chemical bond in the molecular system. Among organic compounds, the same molecular constituents may have different chemical bond structure, which are named as isomeric compounds. In hadronic world, the multiquark states with same quark contents but different flux-tube structures should be similarly called as QCD isomeric compounds. The past theoretical studies on multiquark states reveal various flux-tube structures [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] Based on the chemical benzene and the similarity between color flux-tubes and chemical bonds, a new fluxtube structure, the quark benzene, for a six-quark system was proposed and its possible effect on N N scattering was discussed in our previous paper [41] . In the present work, a new flux-tube structure for a tetraquark state, which is similar to the molecular cyclobutadiene and is therefore called as a QCD quark cyclobutadiene, is proposed. The aims of this paper are: (i) to investigate the properties of a QCD cyclobutadiene in the flux-tube model, this model involves a multibody confinement potential and has been successfully applied to multiquark systems [42, 43] ; (ii) to study the spectra of light tetraquark states with two flux-tube structures (diquark-antidiquark and QCD quark cyclobutadiene), which helps us to understand the meson states beyond aconfiguration and will provide a new sample to study the mixing ofand. The paper is organized as follows: four possible flux-tube structures of a tetraquark system are discussed in Sec. II. Section III is devoted to the description of the flux-tube model and the multibody confinement potentials of a diquark-antidiquark and a QCD quark cyclobutadiene structures. A brief introduction of the construction of the wave functions and quantum numbers of a tetraquark state are given in Sec. IV. The numerical results and discussions are presented in Section V. A brief summary is given in the last section.
II. FLUX-TUBE STRUCTURES OF A TETRAQUARK STATE
In the flux-tube picture it is assumed that the colorelectric flux is confined to narrow, flux-tube like tubes joining quarks. A flux-tube starts from every quark and ends at an antiquark or a Y-shaped junction, where three flux-tubes annihilate or be created [44] . In general, a state with N + 1-particles can be generated by replacing a quark or an antiquark in an N -particles state by a Y-shaped junction and two antiquarks or two quarks. According to this point of view, there are four possible flux-tube structures for a tetraquark system as shown in Fig.1 , where r i represents the position of a quark q i (antiquarkq i ) which is denoted by a solid (hollow) dot, y i represents a junction where three flux-tubes meet. A thin line connecting a quark and a junction represents a fundamental flux tube, i.e. color triplet. A thick line connecting two junctions is for a color sextet, octet or others, namely a compound flux tube. The numbers on the flux-tubes represent the color dimensions of the corresponding flux tube. The different types of flux-tube may have different stiffness [45] , the detail will be discussed in the next section. Both the overall color singlet nature of a multi-quark system and the SU (3) color coupling rule at each junction must be satisfied.
The flux-tube structure (a) in Fig. 1 is a meson-meson molecule state, many newly observed exotic hadrons are discussed in this picture [33] [34] [35] . The tetraquark states with the flux-tubes tructure (b) generally have high energies due to a repulsive interaction between a quark and an antiquark in a color octet meson. Thus this fluxtube structure is often neglected in the study of multiquark states. However sometimes the attraction between two color octet mesons will lower the energies of the system considerably. In the case of the flux-tube structure 6 [qq]6] 1 , the latter is expected to be a highly excited state and therefore the 6 diquark is usually named as a "bad" diquark, since the interaction between two symmetric quarks (antiquarks) is repulsive, thus many authors are in favor of the3 ("good") diquark picture [36] [37] [38] .
The first three flux-tube structures can be explained as the basic structures for a tetraquark system. The last structure can be generated by means of exciting two Yshape junctions and three compound flux-tubes from vacuum based on the second or third structures. In the constituent quark model, a quark is massive. One can suppose that the recombination of flux-tubes is faster than the motion of the quarks. Subsequently, the ends of four compound flux-tubes meet each other in turn to form a closed flux-tube structure, a ring-y 1 y 3 y 2 y 4 , which was interpreted as a pure gluon state by Isgur and Paton [44] , as a glueball state, and discussed in the framework of the dual Ginzburg-Landau theory [46] . With quarks or antiquarks connecting to vertexes of the square by a fundamental flux tube, this picture could be explained as a-glueball hybrid. According to overall color singlet and SU (3) color coupling rule, the corresponding compound color flux-tube dimensions (d 13 
have six different sets: (3, 8, 3, 8) , (6, 8, 6, 8) , (3, 3, 3, 3) , (8, 3, 8, 3) , (8, 6, 8, 6) and (3, 6, 3, 6) . The flux-tubes locate in opposite sides of the ring-y 1 y 3 y 2 y 4 have the same dimension, which is similar to the symmetry with the distribution of double bonds and single bonds in a cyclobutadiene in chemistry. We thus name the flux-tube structure (d) as a QCD quark cyclobutadiene. Of course, the existence of another QCD quark cyclobutadiene is also allowed in which two quarks or antiquarks seat neighboring positions in the flux-tubering. Certainly, more complicated configuration are permitted, including more Y-shaped junctions and more complex topological structures.
III. THE FLUX-TUBE MODEL AND MULTI-BODY CONFINEMENT POTENTIALS
Recently, LQCD and nonperturbative QCD method have made impressive progresses on hadron properties, even on hadron-hadron interactions [47] [48] [49] [50] [51] . However, QCD-inspired CQM is still an useful tool in obtaining physical insight for these complicated strong interaction systems. CQM can offer the most complete description of hadron properties and is probably the most successful phenomenological model of hadron structure [1] . In traditional CQM, a two-body interaction proportional to the color charges λ i ·λ j and r n ij , where n = 1 or 2 and r ij is the distance between two quarks, was introduced to phenomenologically describe quark confinement interaction. The traditional model can well describe the properties of ordinary hadrons (and qq) because the flux-tube structures for an ordinary hadron are unique and trivial. However, the traditional model is known to be flawed phenomenologically because it leads to power law van der Waals forces between color-singlet hadrons [52] [53] [54] . It is also flawed theoretically in that it is very implausible that the long-range static multi-body potential is just a sum of the two-body ones [55] . Many papers were devoted to eliminate the physically nonexisting long-distance van der Waals force arising from the traditional models based on the sum of two-body Casimir scaled potentials [56] [57] [58] [59] .
LQCD studies show that the confinement potential of a multiquark state is a multibody interaction which is proportional to the minimum of the total length of fluxtubes which connects the quarks to form a multiquark state [27] [28] [29] [30] . The naive flux-tube model is developed based on LQCD picture by taking into account a multibody confinement potential with a harmonic interaction approximation, i.e., a sum of the square of the length of flux-tubes rather than a linear one is assumed to simplify the calculation [41, 60] . The approximation is justified with the following two reasons: one is that the spatial variations in separation of the quarks (lengths of the flux tube) in different hadrons do not differ significantly, so the difference between the two functional forms is small and can be absorbed in the adjustable parameter, the stiffness. The other is that we are using a nonrelativistic dynamics in the study. As was shown long ago [61] , an interaction energy that varies linearly with separation between fermions in a relativistic first order differential dynamics has a wide region in which a harmonic approximation is valid for the second order (Feynman-Gell-Mann) reduction of the equations of motion. Combining with Gaussian expansion method (GEM), the flux-tube model including one gluon exchange and one boson exchange interactions was successfully applied to new hadronic states and some interesting results were obtained [42, 43] .
Within the flux-tube picture, the flux-tubes in the ring-structure, see Fig.1d , are assumed to have the same properties as the flux-tubes in the ordinary meson or baryon [62] . Thus in the flux-tube model with quadratic confinement, the confinement potentials V c and V d for diquark-antidiquark and cyclobutadiene structures, have the following forms, respectively.
where the ′ means that the summation is over the adjacent junction pairs on a compound flux tube, this term is the energy of the flux-tube ring-y 1 y 3 y 2 y 4 . The parameter k is the stiffness of an elementary flux tube, while kκ dij is other compound flux-tube stiffness. The compound flux-tube stiffness parameter κ dij depends on the color dimension, d ij , of the flux tube [45] ,
where C dij is the eigenvalue of the Casimir operator associated with the SU ( 
The minimums V c min and V d min of the confinement potentials can be divided into three independence harmonic oscillators and have therefore the following forms,
where the parameters κ d1 and κ d2 are used to describe the stiffness of two sets of opposite flux-tubes in the ringy 1 y 3 y 2 y 4 due to the symmetry, respectively. Obviously, the confinement potentials V c min and V d min are multi-body interactions rather than the sum of two-body interactions.
The limit κ dij going to infinity indicates that the corresponding compound flux-tube contracts to a junction due to the requirement of the minimum of the confinement. The limit κ dij going to zero indicates the rupture of the corresponding compound flux-tube and then a multiquark state decays into several color singlet hadrons. The flux-tube structures of a multiquark state can therefore change if the κ dij is taken as an adjustable parameter. In the limit κ d1 or κ d2 going to infinity, a QCD quark cyclobutadiene reduces to a two-color-octet meson state or a diquark-antidiquark state. In the limit one of κ 1 and κ 2 going to infinity and the other going to zero, a QCD quark cyclobutadiene decays into two color mesons. In the limit all κ d 's in Fig.1 going to infinity, the last three flux-tube structures reduce to one structure due to all compound flux-tubes shrink to a junction, leaving a hub and spokes configuration.
Taking into account a potential energy shift ∆ in each independent harmonic oscillator, the confinement potentials V 
where the parameters k and ∆ are determined by fitting ordinary meson spectra [43] . Carlson and Pandharipande also considered similar flux-tube energy shift which is proportional to the number of quarks N [63] . One gluon exchange and one Goldstone boson exchange interactions not only are important and responsible for the mass splitting in the meson spectra but also are indispensable for the investigations on the multiquark system [42] , the details of the parts of model Hamiltonian can be found in our previous paper [43] .
IV. WAVE FUNCTIONS AND DEFINITION OF QUANTUM NUMBERS
The flux-tube structure specifies how the colors of quarks and anti-quarks are coupled to form an overall color singlet. It is however difficult to construct the color wave function of the QCD quark cyclobutadiene only using quark degrees of freedom in the framework of the quark models. In order to comprehensively study a QCD quark cyclobutadiene, one gluon exchange and one boson exchange interactions have to be included. The color wave function of a QCD quark cyclobutadiene is therefore indispensable and approximately assumed to be the same as that of a diquark-antidiquark structure. In the framework of a diquark-antidiquark structure, three relative motions are shown in FIG. 2 , where r i represents the position of the quark q i (antiquarkq i ) which is denoted by a solid (hollow) dot, the corresponding Jacobi coordinates can be expressed as
L, l 1 and l 2 are the orbital angular momenta associated with the relative motion coordinates X, r and R, respectively. The total wave function of a tetraquark state can be written as a sum of the following direct products of color, isospin, spin and spatial terms,
where I and J are total isospin and angular momentum. α represents all possible intermediate quantum numbers To obtain a reliable solution of a few-body problem, a high precision method is indispensable. In this work, a Gaussian Expansion Method (GEM) [64] , which has been proven to be rather powerful in solving a few-body problem, is used to study four-body systems in the flux-tube model. In GEM, three relative motion wave functions are expanded as,
where N n1l1 , N n2l2 and N n3l3 are normalization constants. Gaussian size parameters are taken as the following geometric progression numbers
. (14) The parity for a diquark-antidiquark state is the product of the intrinsic parities of two quarks and two antiquarks times the factors coming from the spherical harmonics [65]
Using our coordinates, the eigenvalues of the charge conjugation of a diquark-antidiquark state can be calculated by following the same steps as in thecase. We can consider a diquark-antidiquark state as a QQ meson, wherē Q and Q represent a diquark and an antidiquark, respectively, with total "spin" J 12 and relative angular momentum L between Q andQ (see Eq. 8). The C-parity eigenvectors are those states for which Q andQ have opposite charges. So applying the charge conjugation operator to these mesons is the same as exchanging the couple of quarks with the couple of antiquarks. The factors arising from this exchange are the C-parity operator eigenvalues [66] ,
The G-parity is a generalization of the concept of Cparity such that members of an isospin multiplet can each be assigned a good quantum number that would reproduce C-parity for the neutral particle. The G-parity operator is defined as the combination of C-parity and a π rotation around the y axis in the isospin space [66] ,
The G-parity eigenstates are tetraquark states with flavor charges equal to zero, i.e., strangeness equal to zero in the light mesons case, and their eigenvalues are:
V. NUMERICAL RESULTS AND DISCUSSIONS
The diquark (antidiquark) is considered as a new compound objectQ (Q) with no internal spatial excitations, and spatial excitations are assumed to occur only between Q andQ in the present numerical calculations, which results in that such a tetraquark state has a lower energy than that of an internal spatial excited ones. The orbital angular momentum l 1 and l 2 are therefore assumed to be zero. With these restrictions the intermediate quantum number J 12 is the total spin angular momentum S. The parity of a tetraquark with the diquarkantidiquark structure is P = (−1) L , the charge conjugation is C = (−1)
L+S and the G parity is G = (−1) L+S+I . Within the flux-tube model with the parameters fixed by fitting the ordinary meson spectra [43] , the convergent energies of tetraquark states with this QCD quark cyclobutadiene and diquark-antidiquark structures can be obtained by solving the four-body Schrödinger equation
with Rayleigh-Ritz variational principle by setting the numbers of Gaussian wave functions n 1max = n 2max = n 3max = 6. Minimum and maximum ranges of the bases are 0.1 fm and 2.0 fm for Jacobi coordinates r, R and X, respectively. Quark contents and the corresponding masses with specified quantum numbers, I G J P C or IJ P , are shown in Tables I-V, where n stands for a non-strange quark (u or d) while s stands for a strange quark, E I and E II represent the energies of a QCD quark cyclobutadiene and a diquark-antidiquark structure, respectively, the quantum number N denotes the total radial excitation. The exotic in Table I -II stands for a meson state which cannot be described by aconfiguration.
The tetraquark states in the flux-tube model are generally lower than that in the traditional quark models with additive two-body confinement interaction with color factors used in early multiquark state calculations [43, 67] . The reason is that the multibody confinement potential can avoid the appearance of the anti-confinement in a color symmetric quark or antiquark pair. From Tables I-V, it can be seen that the two structures generally give very close energies for tetraquark ground states. However, the differences between two structures are about 40 MeV, 80 MeV and 120 MeV for spatial excitations between Q andQ with L = 1, L = 2 and L = 3, respectively, which is attributed to the reasons: (i) The expect values of the quadratic confinement potentials linearly depend on the angular excitation L [64] ; (ii) The normal modes of the three quadratic confinement potentials of two flux-tube structures, see Eq. (7) and Eq.(8) are different. For a compact tetraquark state in ground state, the separation among particles (quarks or antiquarks) is generally smaller than one fm [42] , so the square of the length of each flux-tube is smaller than the length itself. It is therefore predicted that the small difference of the same quantum state between a linear confinement and a quadratic one is about 50-80 MeV according to the calculations on hexaquark states [41] . Anyway, the differences of the ground states between two structures are not big for both the linear and quadratic confinement potentials.
In general, a tetraquark system should be the mixture of all possible flux-tube structures. Such as in the process of a meson-meson scattering, when two color singlet mesons are separated far away, the dominant com-ponent of the system should be two isolated color singlet mesons because other hidden color flux-tube structures are suppressed due to the confinement. With the separation reduction, a deuteron-like meson-meson molecular state may be formed if the attractive force between two color singlet mesons is strong enough. When they are close enough to be within the range of confinement (about 1 fm), all possible flux-tube structures including the QCD quark cyclobutadiene and even more complicated flux-tube structures may appear due to the excitation and rearrangements of flux-tubes and junctions. All of these hidden color components can not directly decay into two colorful hadrons due to the color confinement. They must transform back into two color singlet mesons by means of the rupture and recombination of flux-tubes before decaying into two color singlet mesons. The decay widths of these states are qualitatively determined by the speed of the rupture and recombination of the fluxtubes. This formation and decay mechanisms are similar to the compound nucleus formation and therefore should induce a resonance which is named as a "color confined, multi-quark resonance" state [68] . It is different from all of those microscopic resonances discussed by S. Weinberg [69] . Bicudo and Cardoso studied tetraquark states using the triple flip-flop potential including two mesonmeson potentials and the tetraquark four-body potential. They also found plausible the existence of resonances in which the tetraquark component originated by a flip-flop potential is the dominant one [70] .
Most tetraquark states in Tables I-V have the same quantum numbers with ordinary meson states, and the calculated energies of many tetraquark states are very close to the experimental data of the mesons with the same quantum numbers [71] , especially states with higher energy. This does not mean that the main component of those experimental states must be tetraquark states. The fact is that most of the experimentally observed mesons can be interpreted asstates (at least the main component) and accommodated in the naive quark model, only a few of them may go beyondconfigurations [72, 73] . However, the calculations indicate that the tetraquark component in those mesons, their energies are close to the tetraquark ones, can not be excluded. This point is supported by the study on the nature of scalar mesons [74] . Moreover the nucleon spin structure study shows that even for the ground state the pentaquark components q 3is indispensable in solving the proton spin "crisis" [75, 76] . The strange magnetic momentum of a nucleon originates from a strange sea quark ss component is nonzero [77] . So a comprehensive study of the meson spectra must include the mixing ofandFock components and in turn requires the knowledge of the off-shell interaction for annihilating or creating a quarkantiquark pair into or from the vacuum. Quark model should be unquenched and such an unquenched quark model study is on going in our group.
With regard to nonstrange mesons, for some lightexcitation states, the orbital excitation energy between 
1468 1470 exotic -q andq may be higher than that of a quark-antiquark pair excited from the quark sea, so these meson states prefer to have high Fock component. Such as the meson σ, it can be described as the ground state with the quark content nnnn rather than the excited states of ameson [43] , which is consistent with many other works [37, [78] [79] [80] . The first radial excited state of the nnnn state is very close to the experimental value of the meson f 0 (980), the tetraquark state nnnn may therefore be one of the main components, which is supported by Vijande's work on the nature of scalar mesons [74] . The decay of the meson f 0 (980) into KK can be accounted for by other strangeness components, such as ss and nsns.
The meson f 0 (1500) can not be described as ameson, the mass and decay are compatible with it being the ground state glueball mixed with the nearby states of the 0 ++nonet [73] . In the quark models, another interpretation of the meson f 0 (1500) is that the main component might be a tetraquark state nsns [74] . The meson f 2 (1430) has no proper member in thepicture either [72] . It is suggested that the main component is a tetraquark nnnn with quantum numbers 1 5 S 2 in the flux-tube model. This state is not confirmed in the PDG and even recent measurements have suggested a different assignment of quantum numbers, which could make it compatible with the lightest scalar glueball [81] .
With respect to I = 1 2 strange mesons, most of them can be interpreted as the states which dominated bycomponents in the quark models except for three mesons κ(800), K * (1410) and K 2 (1580) [72] . For the same reason with the meson σ, our model recommends a ground tetraquak state nnns 1 1 S 0 with energy close to the meson κ(800), which is compatible with other works [37, [78] [79] [80] . For the meson K * (1410), its assignment to the 2 3 S 1 state of the meson K * (892) is not only excluded by the large mass difference, but also by its decay modes [72] . A possible interpretation of the main component of this state is a tetraquark state nnns with quantum numbers 1 1 P 1 instead of a purepair. The meson K 2 (1580) has also no proper member in thespectra [72] , our tetraquark state 1 3 P 2 mass is a little lower than experimental data. This state is clearly uncertain, it was reported in only one experimental work more than twenty years ago and has never been measured again.
Concerning the exotic meson sector, the quantum numbers rule out the purepossibility. The π 1 mesons of I G J P C = 1 − 1 −+ are listed as manifestly exotic states by several experiments [82] [83] [84] [85] . Many theoretical studies have been made and various interpretations were proposed: hybrid meson states [86] [87] [88] [89] , πη molecular states [90] and tetraquark states [91, 92] . Two mesons π 1 (1400) and π 1 (1600) are studied in the flux-tube model, see Table I , which indicates that the main components of π 1 (1400) and π 1 (1600) might be tetraquark state nnnn with quantum numbers 1 3 P 1 and 1 5 F 1 , respectively. The tetraquark states nsns with quantum numbers I = 0, 1 and J P C = 1 −+ are predicted in the flux-tube model, the energies are around 1850 MeV (see Table II ) which is consistent with the predictions on J P C = 1 −+ tetraquark states in the QCD sum rule [91, 92] . The exotic meson states with quantum numbers J P C = 2 +− are predicted in the tetraquark picture, the states nnnn and nsns have the lowest masses around 1880 MeV and 2100 MeV, respectively. In addition, many flavor I = 2 exotic meson states are also calculated for further studies, see Table I .
VI. SUMMARY
The QCD quark cyclobutadiene, a new flux-tube structure, is proposed in the framework of the flux-tube model. The flux-tube ring in the QCD quark cyclobutadiene can be described as a glueball, four quarks are connected to the flux-tube ring by four fundamental flux-tubes, thus the QCD quark cyclobutadiene can be viewed as aglueball hybrid. It provides a new sample for understanding the structures of exotic hadrons. The three familiar flux-tube structures can be taken as the ground states of a tetraquark system, the QCD quark cyclobutadiene may be an excited state which is obtained by means of creating Y-shaped junctions and flux-tubes from the vacuum and the rearrangement of some flux-tubes. The QCD quark cyclobutadiene and other three flux-tube structures are QCD isomeric compounds due to the same quark component and different flux-tube structures. Most meson states in the PDG can be described asconfigurations, only a few meson states, σ, κ(800), f 0 (980), f 0 (1500), π 1 (1400), π 1 (1600), f 2 (1430) and K * (1410), are difficult to be interpreted asmesons. The tetraquark state as their main components is one of possible interpretations of their flavor components. Some exotic meson states as tetraquark states are predicted in the flux-tube model. The tetraquark states nsns with quantum numbers I = 0, 1 and J P C = 1 −+ have the lowest masses around 1850 MeV. The tetraquark states nnnn and nsns with quantum numbers J P C = 2 +− have the lowest masses around 1880 MeV and 2100 MeV, respectively. The tetraquark states with I = 2 are also predicted in the flux-tube model.
Even though up to now no tetraquark state has been well established experimentally. It is indispensable to continue the study of the tetraquark system because the tetraquark component in mesons can not be ruled out and may play an important role in the properties of mesons, similar to the fact that the pentaquark components play an important role even in the nucleon ground state.
The tetraquark states, if they really exist, should be the mixtures of all kinds of flux-tube structures which can transform one another. In this way, the flip-flop of fluxtube structures can induce a resonance which is named as a "color confined, multi-quark resonance" state. To verify such a new resonance is not easy. We admit that this analysis is based on the mass calculation only, the crucial test of the components of exotic mesons is determined by the systematic study of their decays, which involves channel coupling calculation containing all possible flux-tube structures and mixing betweenand tetraquark components and so much more information of low energy QCD are needed.
